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THE THERNAL FOFM OF MOTION IN SUBYERIANEAN WALLES

Pe ¥, Shvatsov

Zﬁotex The following repert,which appeared in the Hydrogeologlcsl Sec=
tion of Doklady Akadendi awk 835K Vol) 73, Mol 3 (1950), concerns the
significance of thermal forms of ceanvective motlon te any study of eireul=-
atlon and supply of underground water in meuntainous reginnéfrthat flow along
large channel-like syoteme ol teetenic filssures end intaratice§7.

The appearance ol underground waler springs in the bed or valley of a
mountain river at heiphts 800-1200 meters above sealevel, in which the water
rises alonp fisoures of tectonic origin end has a higher temperalure then
river or yround weter, is ususlly considered by hycrogeoloplsts to be an
indicition of the presence of a deep water=bearing level under pressuré.
According teo penerally-acee|bed notions, the geurce of this wuter-bearing
level must be situsted considerably shove the dlscharpe zone (the spring),
which was localived by o Lectonic fracture, e. g., 8 foult. In other words,
the ascending source 18 supposedly caused by a moving head of underground
water circulation

AP = ha - hb

where ha is the head of the water level in the source region with respect to

referent e
gome arbitrary(ﬁfzﬁﬁzgf eo:;seﬁoQg}Bnd hb is the head of the discharge zone,

i.e,, the top of the ascending spring over this plane.

It 18 elear that the moving cireulatlon head AP must be greater than the
sum of the pressure losses caused by the resistance which must be overcome
by the underground water current.

However, currents of comparatively warm underground waters have also been
observed ascending along fault filssures where there are no source regions
located considerably above the discharge zone of these waters. This refers

to water«bearing formations which are found in fault fissures of the type
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which intersect beda and valleys of mountain rivers and create abundant
seeending springs, above which there are enly meuntain pegks and ridgee made
ur of impermesble recks (frezen rocks, fer examrle). hainwater dees not
infiltrate the recks composing these peaks and ridgee heeguse the fiesures

1n these rocks are filled with eleyey nateriel or ice; rain flews off qulckly
and repidly along the steep alopes of the pecks and ridges inte the heds of
adjacent rivers.

We may olso add that in s northemn Siveris at elevations of 2000~
2000 meters, atmospheric water exists for ertremely short periods in the
1iguid stste. OSimdlar physico-geographical and hydrogeological conditions
are not unusuel,

Judging from purely hydromechanicel laws, we must locate the source of
underground water wilch rises along fault [izsures to the bed or valley sur-
Pace of a mountain river, wnder the conditions just deseribed,lin the suri=
ounding heights, It scems to us, however, that we cen no longer be satisfied
with this assert‘za which assumes the existence of some hypothetical source
vegion which ls not actually observed.

Some thermodynamlc processes are of great importance for the case of
vertical circulation of ground waters along taultegap tissures under the cone=
ditions described above, The author is convinced that Lf the villey and bed
of a mountain stream is crossed by & deep fracture line with a system of
tectonic fissures, therc ls often observed below this line a profuse ascen=
ding spring, even though the mountain peaks ond ridges surrounding this gectirn
are composed of impermeable rocks (see Figure 1), The water temperature of
such springs is considerably higher than the lemperature of the river and
ground water f111ing the bed and the alluvial deposits of the upper gection
of the mountain river.

Moreover, the main flow of the river section situated slightly above the
ascending spring disappears, i.es, it is lost in the pebole deposits which

cover the system of tectonic flssures.
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Anglysla of these facts led to the suppesitien thet the systems of fig=
gures eonnected with fractuves In the roeks compaging the eriginal river bed
include within themselves beth the sourece end discharge regions of doep=
bearing formatiens under pPreHturd,

The gravitatlonal water filling the fracture {lssures is "stratifled"
inta two jots that meve in twe oppoaite directions, ascending and descending,
This is cavaed by the preat temderature difference of water ot the earth's
anurface and water at depths measured in kilometars.

This temperature difference erooles a difference of dengitles of the
figsgure water, a necesasary coridition for the conveetive heat exchange which

Tokes pleve when big Suld

=l iR
Ghiina verm t

ain mave naet ench athew,

The cold snd dense river or ground water descends along & syslem of ver=
tleal tectonlc finsures, while the hot water or worm gas=water emulsion of
vhe deep weleir-booring fapastian has low densitics, end hence rises, The
smergence of a gas-watev emulsion at great depths is connected not only with
chemical intersuction of the water golution with the rocks containing it, or
the entry of gases from the surrounding and underlying rock into the water,
but also with the separation of gas bubbles from the cold surface water as
1t moves downwards slong tectonic fissures and becomes warmers Therefore,
the gay ol many ascending springs of fissure waters is 1ittle different in
composition from atmospheric air.

The difference in densities of cold river water, on the one hand, and
the gas-water emulsion, on the other, creates the moving head of water cir-
culation along fault fissures. This enndition can be roughly expressed by

the following equatlon:
b =0 Yy = Vem)

where h is the depth to the roof of the water-bearing formation under pressure
from the water level in the river, 7, is the specific weight of the cold
river water, and 7’%m is the specific weight of the hot water or gag=water

emulsion rising from great depths along fissures,
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Water=bearing formatiens under preasure are often found in fissured kar-
8tle limeatones covered by clayey slates, The preaence of free gas bubbles
in water of ancending springs has been established,

The thermal and hydraulic interaction of river and ground cold water cure
rents with warm and hot water masses centained in fissures of deeply=bedded
limestones ls a process accomplished through a system of tectonlec fissures
which crogses the stratum of clayey elates,

The supposition whleh we have advanced 1s partially coniirmed by labora-
tory experlments, A tube 5 mm in diameter and 500 mm long was filled with
enld water; the lower end was cennected to a nan contalning water heated from
belaw and Lhie upper was connected with a free current of cold water, flowing
along an inclined trough. Two eurrents moving in opposite directlons were
observed. The water which was hested from belew moved upwards and flowed out
along the inclined trough, giving way to the denser cold water which descended
from above,

This process of vertical counter circulation of water alony one channel
having a small cross=section did not stop until the heat source was removed,
When several such channels, i.e., fissufe systems, are present, thils process
should be intensified.

Purely hydromechanical conditions governing the circulation of under=
ground waters along deep tectonic fissures, i.,e, the presence of a hydraulic
gradient, are often supplenmented and sometimes even completely replaced by
thermodynamic conditions of temperature gradient. It should be clear, how=
ever, that this applies only to the circulation of underground waters along
deep gaping tectonic fissures and is not applicable when we consider the
movement of underground waters through pores in friable deposits and through
narrow {issures in massive rocks.

It may be that thermodynamic conditlon, namely a temperature gradient,
are also responsible for "water being drawn up from a region of pressure" to

the top of an artesian slope, as shown in A. M. Ovchinnikov's drawing (see
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Tigure 2), The ather explanation (a meurce region located above the cuter
diseharge zone) is of no impertanse in thie case, since, Jjudging frem the
diagram, water meves in free flow from the source region to the outer dis-
charge zone, Mly a deraending movement of cold water from the source reglon
along the artesian slope ocould cause the counter movement, i.e., & "drawing
up¥, or mere correctly a dislodgement, of the warm water [rom the reglion of
pregsure upwards to the outer discharge zone.

Undoubtedly, the thermal form of water movement aloo taokes place in
sandy and sandy loam weter=hearing formations. . That water is drawn up from
hoated (open) sectlons to cnoled (ahaded Ly a building or rorest) sections
has been established by olservationa. The shifting of ground water from the
depths to the frozen shicld when the soil freezes is alsc spparently a thermo=
dynamle effect; it is caused Ly the water particles attempting to transfer
to the lowest energy level.

Naturally, the process ol convective heat exchange in a mass of water
£11ling the pores of a sandy or sandy loam water-bearing formation is less
sharply defined snd takes place less rapidly than in a mass of water {illing
gaping fissures.

Submitted 13 May 1950, from the Institute of Permafrost Studies imeni V. A,

Obruchev, Academy of Sclences USSR,

(Figures appended)
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#Loeupa, 1, olegran of the olpeulablon and Supply of Jub=

fapranean atard alon -yanaliy O Tusbundy QRS

1 - [dnostonan, 2 = ulayoy Jlubes, 3. . Pebblo=riravel

Alluvial veposlta, ' = wubur level in thy .dvar bed, '

5 ~ llead of the dscendin: spring (p 506, toxt)
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Pigure 2. Diagram of the Circulation of subbterraneen =
ters in the Axial Belt and “thin the Artesian slope of
a llounbainous Folded iteion (According to A il Ovehinnik=

) /p. 568, text)
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